Objective: To compare the metabolic cardiovascular risk factors of obese patients after weight loss and 4-year weight loss maintenance afterwards against a matched control group of subjects with a stable body weight and without history of weight loss. Method: 50 obese non-diabetic subjects in the study group who previously lost 10% or more of their weight and afterwards entered a 4-year weight loss maintenance programme were matched by age, BMI and sex and compared to 50 weight-stable subjects without history of weight loss. The comparison between both groups was done in term of anthropometrical, metabolic and biological characteristics, early atherosclerosis and insulin sensitivity. Results: Anthropometrical, metabolic and biological characteristics were similar between the weight loss group and the control matched group. However, insulin sensitivity was still significantly lower in the weight loss than in the matched control group (p = 0.02). Intima media thickness (IMT) also was similar in both groups. We found that lower atherosclerosis measured by IMT at the level of the carotid is associated with better insulin sensitivity (p < 0.05). After the 4-year weight loss maintenance programme, insulin sensitivity improved in the post-weight loss group from 7.9 3.2 to 8.4 3.6 mg/kg/min. Conclusion: All cardiometabolic parameters of obese subjects, except for insulin sensitivity, normalised completely after weight loss. The latter was improved by a weight loss maintenance programme if successfully completed.
Introduction
Numerous observational studies [1, 2] demonstrated that obesity coexists with a variety of cardiovascular risk factors and is related to a greater cardiovascular risk. Several studies also confirmed that obesity is associated with insulin resistance [3] . The latter amplifies dyslipidemia including high levels of low-density lipoprotein cholesterol (LDL-C) and decreased levels of high-density lipoprotein cholesterol (HDL-C) [4] . On the other hand, there is still a controversy concerning the relationship between insulin resistance and atherosclerosis measured by intima media thickness [5] .
Clinical research in weight loss management has demonstrated that weight loss results in improvement of obesityrelated cardio-metabolic factors such as plasma glucose, triglyceride, total cholesterol, LDL-C, HDL-C, and hypertension [6] . Weight reduction also is associated with improvement of insulin sensitivity [7] . The metabolic benefits occur independently of the way by which the weight loss has been obtained [6] . Noakes et al. [8] demonstrated that an energy-restricted, high-protein, low-fat diet provide nutritional and metabolic benefits that are equal to and sometimes greater than those observed with a high-carbohydrate diet. The goal of this study is to evaluate if after weight loss or weight loss maintenance all cardio-metabolic parameters become normal.
The metabolic cardiovascular risk factors of 50 obese patients after weight loss (mean weight loss of 17%) and 4-year weight loss maintenance afterwards were compared to a matched control group of 50 subjects with a stable body weight and without history of weight loss. 
Subjects and Methods

Study Population
The study proceeded comparison of two groups: a study group and a matched control group. There were 50 obese non-diabetic subjects in the study group (5 men and 45 women) who previously lost 10% or more of their weight using a method already described. The weight loss period lasted 2.5 ± 0.5 years with a mean stable period for at least 6 months. Afterwards, the weight loss period was prolonged by a 4-year weight loss maintenance programme as previously described by our team [9] [10] [11] . But only 45 among 50 study subjects entered this maintenance phase. 34 among of them were able to maintain their body weight( 82.3 ± 15.2 vs. 82.5 ± 17.1 kg).
The control group had stable weight with no history of weight loss and was matched for age, BMI, and sex.
The comparison between both groups was done in terms of anthropometrical, metabolic and biological characteristics , early atherosclerosis, and insulin sensitivity.
Physical Examinations
Body weight, BMI, percent body fat and fat-free mass were evaluated by the TANITA bioimpedance balance (TANITA International Division, Yiewsley, UK). Waist circumference was measured by placing a measuring tape in a horizontal plane at the level of the iliac crest without compressing the skin. To measure the hip circumference, a measuring tape was placed horizontally at the widest part of the buttocks. Waist and hip values permit to calculate waist/hip ratio. Blood pressure was recorded after 5 min sitting.
Insulin Resistance Measurement
Euglycaemic hyperinsulinaemic clamp was performed in fasting state in both groups. After 4-year weight loss maintenance programme it was repeated only in the study group.
Subjects were attended to the clinic at 08:00 a.m. after overnight fasting. Two intravenous cannulas through antecubital vein were established, one for the blood sampling and the other one for insulin pump with glucose load. Before insulin and glucose load, blood samples were taken and sent to the central laboratory of Geneva University Hospital to determine lipid profile (total cholesterol, LDL-C, HDL-C, triglycerides, free fatty acids) and fasting plasma glucose. The target plasma glucose concentration was maintained between 4.5 and 5.5 mmol/l during insulin infusion at a rate of 240 pmol/min/m 2 . Bedside plasma glucose was measured at each 5-min intervals and if necessary with intermediate check up to ensure it remains within 0.8 mmol/l (±15%) of the target glucose concentration. The steady-state period (for calculation of insulin sensitivity) was between 80 to 120 min.
Intima Media Thickness Measurement
Intima media thickness measurement was performed using ultrasound scanner. Both the left and right carotid arteries were scanned. The images were analysed in an automated computerised analysing system.
Carotid artery intima media imaging follows a validated protocol. Longitudinal B-mode image is taken of the right and left common carotid arteries (CCA) and of internal carotid artery (ICA) from anterior, lateral and posterior angles. The image was recorded on videotape and evaluated by a single reader.
Diastolic frames of CCA, carotid bifurcation, and ICA were selected to provide images of the near and far wall intima-media complex. Frames were digitised and analysed by an image analysis system (MIP: Institute of Clinical Physiology, CNR, Pisa, Italy) [12] . Lines are drawn along the lumen intima and media adventitial interfaces, and the intima media thickness is computed as an average of several measurements.
Statistics
Statistical analyses were performed using stata version 10 .
All values were presented as the mean ± SD. The significance of the comparisons of baseline characteristics was determine by ANOVA. A p value of less than 0.05 was considered statistically significant.
Results
Anthropometrical characteristics in the two groups (study group after weight loss and the matched control group) are shown in table 1.
Metabolic and biological characteristics are presented in table 2 and are similar between the two groups. However, insulin sensitivity was still significantly different in the weight loss group compared to the matched control group (p = 0.02).
Intima media thickness measured at the level of CCA and ICA and blood pressure comparison were also similar.
Impact of insulin sensitivity on intima media thickness was evaluated by comparison of CCA and ICA by quartiles of insulin sensitivity values as shown in table 3. The results confirmed in both groups that lower atherosclerosis measured by intima media thickness at the level of the carotid is associated with better insulin sensitivity (p < 0.05).
After 4-year weight loss maintenance programme, insulin sensitivity improved slightly in the weight loss group from 7.9 3.2 to 8.4 3.6 mg/kg/min (p = 0.21). Comparison of insulin sensitivity between patients after weight loss and patients after weight loss maintenance ( fig. 1) showed a slight improvement of insulin sensitivity after 4 years maintenance programme. This improved value became definitely not significantly different compared to the matched control group.
Discussion
The weight loss group reached similar values of lean body mass, fat mass, waist and hip circumference as well as waist/ hip ratio compared to a matched control group who had a sta- Possibly as long as the fatty acid mobilisation will be kept at the lower value the insulin sensitivity may stay better. Oyama et al. [23] found that the magnitude of weight loss influenced insulin sensitivity more than the intervention time. Unfortunately, we could not find any data in the literature by which time a normalisation of insulin sensitivity could be achieved during the weight loss or weight loss maintenance process.
In both groups, intima media thickness was analysed according the insulin sensitivity quartiles. Intima media thickness of the 1st quartile of insulin sensitivity (insulin resistant) was significantly higher when compare to the 4rth quartile of insulin sensitivity (more sensitive).
The association between insulin resistance and carotid intima media thickness has been assessed in several populations, including Europeans, Chinese, Hispanics, and Black ble weight with no history of weight loss for 1 year. Lipid profiles and fasting glucose were also similar. These facts underline and confirm previous findings of authors such as Anderson et al. [13] who demonstrated that weight loss is associated with improvement in biological parameters and clinical signs. Even moderate weight reduction of at least 5% of the initial body weight is known to improve risk factors for obesity-associated complications: improvement in glucose metabolism, reduced blood pressure, and improvement in blood lipid levels [14] .
The beneficial effect remains as long as the weight loss is maintained [15] . Dyslipidaemia also is usually improved in case of weight loss [16] ; our weight loss group normalised completely their lipid values.
Win and Hill [17] also demonstrated that more favourable metabolic changes are obtained with weight loss of 10%. Since then both definitions (regarding improvement induced by 5% or 10% of weight loss) have been adopted and used by other authors in several studies [18, 19] . Our subjects had lost an average 17% of weight which is above the proposed threshold. Our data support those of the literature that after weight reduction all metabolic parameters reached that of the matched control group. However, insulin sensitivity was still significantly lower in the weight loss group compared to the matched control group.
Weight loss through caloric restriction is known to attenuate and even reverse insulin resitance [20] . Schenk et al. [21] found that enhanced insulin sensitivity after weight loss was primarily mediated by a reduction in fatty acid mobilisation. Interestingly, when weight loss is not accompanied by a reduction in fatty acid mobilisation, insulin sensitivity is not improved. A study by Klein et al. [22] reported that large-scale liposuction that resulted in the removal of a substantial amount of body fat (i.e. ~10 kg of body fat) did not reduce fatty acid mobilisation and insulin sensitivity was not improved. Interestingly, we noticed that after weight loss fatty acid mobilisation was similar to that of the control group while insulin sensitivity was not. On the other hand, after 4 
Conclusion
All cardio-metabolic parameters of obese subjects, except for insulin sensitivity, normalised completely after weight loss. After a 4-year weight loss maintenance programme, insulin sensitivity improved and became statistically not different from that of the matched control. Thus it seems that successful weight loss maintenance must last for a considerable time to achieve normalisation of insulin sensitivity.
The intima media thickness measured in both groups did not differ significantly. On the other hand, we found that more sensitive subjects in both groups displayed less intima media thickness.
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Americans, using several different indexes of insulin resistance including HOMA. Several studies [24, 25] have found insulin resistance to be positively associated with carotid intima media thickness.
These results are in accordance with previous finding by Hidvegi et al. [26, 27] . They demonstrated that early and asymptomatic signs of carotid atherosclerosis could be detected in subjects who showed insulin resistance. 
